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ABSTRACT: 
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perform the plasma processing. 

CONSTITUTION: A plasma processing device is provided with a plasma 
generating 

chamber 11 for processing a sample S iiiside, a constant temperature medium 
chamber 11a embedded at a least one part of the peripheral wall llw of the 
plasma generating chamber 11, a liquidizing chamber lie communicated with the 
constant temperature medium chamber 11a, a heater llf for heating the medium 
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sealed inside of the constant temperature medium chamber 11a, and a cooling 
pipe llh for liquidizing the medium vaporized inside of the constant 
temperature medium chamber 11a. As a result, the peripheral wall 11a can be 
set at a desired temperature appropriate for the processing in a short time, 
and even in the case where the processing is performed any times, temperature 
of the medium can be stably maintained at a desired temperature, and the plasma 
processing speed is maintained constant. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by conqjuter. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the plasma treatment method using the plasma treatment equipment and this 
equipment for performing plasma treatment, such as etching and thin film formation, to a detail to a sample more about the 
plasma treatment method which used plasma treatment equipment and this equipment. 
[0002] 

[Description of the Prior Art] Supply a RF etc. in the vacuum housing under reduced pressure in recent years, a discharge in 
gases is made to start, plasma is generated, and research and development are briskly furthered by irradiating this plasma on a 
sample front face as that to which the method of processing etching, thin fihn formation, etc. and its equipment are indispensable 
to manufacture of a high integrated-semiconductor element etc. 

[0003] As such equipment, the parallel monotonous type reactive-ion-etching (RIE;Reactive Ion Etching) equipment and the 
parallel monotonous type sputtering system which used the RF, the magnetron RIE system using the RF and the magnetic field, 
etc. are mentioned. Moreover, promising ** of owner magnetic field microwave plasma treatment equipment or the electron 
cyclotron resonance excitation (efficient consumer response:Electron Cyclotron Resonance) plasma treatment equipment is also 
especially carried out by using microwave and a magnetic field in the future as equipment which can be made to generate the 
high plasma of activity in a low gas pressure field. 

[0004] when performing plasma treatment to a san^le front face using the various above-mentioned equipments, the member 
especially **(ed) by plasma, such as a reaction container, ******^ a target, and an electrode for power introduction, receives 
plasma irradiation ~ accimiulation — carrying out — the increase in the processing nimiber of sheets of the aforementioned 
sample ~ following ~ the above — the temperature of a member rises gradually There was a problem that originated in this and 
plasma treatment speed and etch selectivity changed, for exanple, the etching system of an oxide film ~ setting - CF4 etc. — 
although gas is used as etching gas, C which is this decomposition product usually adheres to the plasma production interior of a 
room the coating weight of this C ~ tenq)erature ~ depending - the above - if the temperature of a member goes up, coating 
weight will decrease For this reason, under consecutive-processing conditions, the coating weight of C to a plasma production 
room member decreases, instead the coating weight of C to a san^le increases, and the etch rate of the aforementioned sample 
falls. 

[0005] In order to solve the above-mentioned problem, the plasma treatment equipment (JP,4-209528,A) covered by the member 
from which the plasma etching method (JP,4-2563 16,A) of adjusting uniformly the temperature of the member **(ed) by plasma 
with a heat carrier, and the wall of a reaction container produce a Peltier effect is proposed. 
[0006] 

[Problem(s) to be Solved by the Invention] In the above-mentioned method given in JP,4-256316,A, a plasma production room 
tends to be made into dual structure, for example, an about 80-degree C heat carrier tends to be circulated in the meantime, the 
aforementioned plasma production room tends to be maintained at setting temperature, and it is going to hold the etch rate and 
the selection ratio uniformly. 

[0007] However, in the tenperature control by circulation of such a heat carrier, since there are few amounts of heat transports of 
the aforementioned heat carrier, when the temperature of the aforementioned plasma production indoor wall is saturated as 
compared with the heating value generated in the aforementioned plasma production interior of a room and the temperature of a 
heat carrier is low set as plasma treatment that it should consider as desirable temperature conditions, before the tenqjerature of 
the aforementioned wall is saturated, time will be taken, and change appears in plasma treatment speed in the meantime. On the 
other hand, after the tenq^erature of the aforementioned wall became ten^erature conditions desirable to plasma treatment when 
the tenqjerature of a heat carrier was set up a little highly as the temperature of the aforementioned wall served as tenqjerature 
conditions desirable to plasma treatment a little early, elevation was continued gradually, saturation temperature became high 
beyond anticipation, and the technical problem that desirable plasma treatment conditions could not be acquired occurred. 
[0008] Moreover, the same technical problem occurred also in the composition member in a reaction container, for example, the 
target of a sputtering system etc. 

[0009] Moreover, in plasma treatment equipment given in JP,4-209528,A, although it is covered by the member from which the 
wall of the aforementioned reaction container produces the aforementioned Peltier effect and the aforementioned reaction 
container under plasma treatment was cooled by the endothermic reaction of this member, maintaining the temperature of the 
aforementioned reaction container to desired temperature too had the problem are difficult so that it may not control correctly to 
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the setting temperature of a request of the temperature of this reaction container wall. 

[0010] Moreover, also in the ground electrode in an parallel monotonous type RIE system, 20 degrees C or more of temperature 
under [ this ] a ground electrode might be changed, and the technical problem that the repeatability of a process was not obtained 
in this case occurred. 

[001 1] It aims at offering the plasma treatment method using the plasma treatment equipment and this equipment which this 
invention can be made in view of the above-mentioned technical problem, and can set quickly the ten:q)erature of the portion 
**(ed) by plasma as the request temperature suitable for processing, can maintain it, and can make plasma treatment speed 
regularity, and can make repeatability of an etching process good. 
[0012] 

[Means for Solving the Problem] Drawing 1 is the graph which showed the heat transfer coefficient by various kinds of method 
and refrigerants (heat carrier). It turns out that the liquid phase of a heat transfer coefficient is larger than a gaseous phase so that 
clearly from drawing 1 , and the boiling heat transfer is still larger than natural convection and the forced convection of the liquid 
phase. Thus, by the direct evaporative-cooling (ebullition heat transfer) method, heat can be transmitted very efficiently. 
[0013] Moreover, when the liquid phase and the gaseous phase of one matter are in thermal equilibrium and live together, the 
temperature of the aforementioned bi-phase can be maintained to constant temperature near the boiling point. 
[0014] the boiling point the point that this invention person can enlarge the amount of heat transfer in a direct vapor cooling 
system, and near ~ exact ~ constant temperature ~ the maintainable point was noted 

[0015] Namely, the plasma treatment equipment (1) applied to this invention in order to solve the above-mentioned technical 
problem the constant temperature inside which the circimiference wall of the reaction container for processing a sample in the 
interior and this reaction container was installed in part at least ~ with a medium room this -- constant temperature - the 
liquefaction room which was open for free passage in the medium room, and the above - constant temperature ~ the heating 
means for heating the medium enclosed with the medium interior of a room, and the above ~ constant temperature - it is 
characterized by having the cooling means for liquefying the medium evaporated in the medium interior of a room 
[0016] It is necessary to use the material of thermally conductive good plasma-proof nature as a material of the circimiference 
wall of the aforementioned reaction container. 

[0017] moreover, the above — constant temperature — even if a medium room is sealing room form that it can bear more than 
atmospheric pressure, expansion-chamber 1 li forms them successively to liquefaction room 1 le formed in circumference 
Kabeuchi of the reaction container 16 as shown in drawing 2 ~ having ~ constant temperature - the pressure of medium room 
11a may be constituted possible [ control ] 

[0018] It is necessary to choose the medium which has the boiling point near the optimum temperature of the plasma treatment 
which cannot react easily with the material of the circumference wall of the aforementioned reaction container, and is made into 
the purpose as the aforementioned medium for example, and a fluorine system inactive liquid, water, etc. are mentioned. 
[0019] Moreover, a heater is mentioned as an exanq)le of the aforementioned heating means, this heater ~ the above ~ constant 
ten:q)erature - the constant temperature of the medium interior of a room - being arranged in the position soaked in a medium is 
desirable 

[0020] Furthermore, a cooling pipe is mentioned as an example of the aforementioned cooling means. 

[0021] Moreover, the plasma treatment equipment (2) concerning this invention The reaction container for processing a sample 
in the interior, and the composition member arranged in this reaction container, this composition ~ the constant temperature 
inside which the member was installed in part at least — a medium room — this — constant temperature — the liquefaction room 
which was open for free passage in the medium room, and the above — constant temperature — the heating means for heating the 
medium enclosed with the medium interior of a room, and the above ~ constant temperature ~ it is characterized by having the 
cooling means for liquefying the medium evaporated in the medium interior of a room 

[0022] The electrode in the target (metal or the product made from insulating material is not asked) used into the aforementioned 
reaction container as the aforementioned composition member with members other than the sample **(ed) by plasma, i.e., metal, 
****** made from insulating material, plasma spatter equipment, etc. or parallel monotonous type plasma treatment equipment 
etc. is mentioned. 

[0023] the aforementioned composition — it is necessary to use the material of thermally conductive good plasma-proof nature 
too as a material of a member 

[0024] moreover, the plasma treatment method concerning this invention the above-mentioned plasma treatment equipment (1) 
or (2) - using - the above -- constant temperature, while heating the medium enclosed with the medium interior of a room to the 
tenq)erature near the boiling point of a medium using the aforementioned heating means the above - constant ten:q)erature ~ it is 
characterized by generating plasma and processing the aforementioned sanple in the aforementioned reaction container, cooling 
the medium evaporated in the medium interior of a room using the aforementioned cooling means, and liquefying 
[0025] 

[Function] the medium which has the boiling point near the request processing temperature according to the plasma treatment 
equipment (1) of the above-mentioned composition ~ the above ~ constant ten^)erature — if the aforementioned circumference 
wall is heated in response to plasma irradiation during plasma treatment by enclosing with the medium interior of a room, and 
heating the medium to near the boiling point of a medium by the aforementioned heating means beforehand, a lot of heat will be 
taken from the aforementioned circumference wall by the latent heat of vaporization of a direct evaporation method on the other 
hand, while boiling and evaporating a medium, the vaporized medium is liquefied using the aforementioned cooling means ~ 
having - the tenperature of a medium - the near boiling point - constant temperature -- it is maintained Consequently, while 
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the aforementioned circumference wall becomes the request tenperature which was suitable for processing for a short time, even 
if it piles up the number of times of processing, it will be stabilized at request temperature, and plasma treatment speed is 
maintained uniformly. 

[0026] Moreover, according to the plasma treatment equipment (2) of the above-mentioned composition, it is maintained by 
constant temperature in response to the same operation as the circumference wall of the aforementioned reaction container in the 
plasma treatment equipment (1) which the aforementioned conqjosition member described above, and abbreviation. 
[0027] Furthermore, according to the plasma treatment method of the above-mentioned composition, even if the aforementioned 
circurnference wall or the aforementioned composition member is heated in response to plasma irradiation during plasma 
treatment by using the mediimi which has the boiling point near the request processing temperature as the aforementioned 
medium, a lot of heat is taken from the aforementioned circimiference wall or the aforementioned composition member by the 
latent heat of vaporization of a direct evaporation method, and it is cooled by the aforementioned cooling means and a medium is 
liquefied while boiling and evaporating - having ~ the temperature of a medium ~ the near boiling point — constant temperature 
- it is maintained Consequently, while the aforementioned circumference wall or the aforementioned composition member is set 
as the request temperature which was suitable for processing for a short time, even if it piles up the number of times of 
processing, it will be stabilized at request temperature, and plasma treatment speed is maintained ixniformly, 
[0028] 

[Example(s) and Comparative Example(s)] Hereafter, the example and the example of comparison of the plasma treatment 
method using the plasma treatment equipment and this equipment concerning this invention are explained based on a drawing. 
[0029] [Exanple 1 ] drawing 3 is the typical cross section of the plasma treatment equipment using efficient consumer response 
concerning an example 1, ten in drawing shows plasma treatment equipment, and 16 shows the reaction container, respectively, 
the reaction container 16 constitutes the plasma production room 1 1 and the sample room 13, and it encloses them so that 
circumference wall 1 Iw of the plasma production room 1 1 may have dual structure and the medium of a liquid state may leave a 
gas layer at the interior - having ~ the liquid layer hold portion of a medium - constant temperature - it is medixmi room 11a 
and the gas layer hold portion of a medium has become liquefaction room 1 le constant temperature ~ heater 1 If is arranged by 
the lower part of medium room 1 la so that it may be soaked in a medium, and a medium is heated by heater 1 If Moreover, 1 Ih 
of cooling pipes with which the cooling water set as the predetermined tenqjerature of 20 degrees C circulates is arranged in 
liquefaction room lie, and the medium evaporated by 1 Ih of cooling pipes is liquefied, moreover, bellows type 
expansion-chamber 1 li is connected to liquefaction room lie through piping 1 Ij, and the pressure buildup accompanying 
evaporation and evaporation of a medium eases by this expansion-chamber Hi — having ~ constant temperature ~ the pressure 
of mediimi room 1 la and liquefaction room 1 le is adjusted 

[0030] Moreover, microwave inlet 1 Ic closed by quartz-glass board 1 lb is formed in the center of an up wall of the plasma 
production room 11, and 1 Id of plasma drawer apertures is further formed in microwave inlet 1 Ic of the center of a lower wall, 
and the position which counters. The end of the waveguide 12 by which the other end was connected to the microwave oscillator 
(not shown) is connected to microwave inlet 1 Ic, and 1 Id of plasma drawer apertures is made to attend, and the sample room 13 
is arranged. The exiting coil 14 is arranged these and in the shape of the said heart in the mode which surrounds these over the 
end section of the waveguide 12 furthermore connected to the plasma production room 1 1 and this. 

[0031] On the other hand in the sanple room 13, the sanple base 15 for laying Sanqjle S in 1 Id of plasma drawer apertures and 

die position which counters is arranged, and exhaust-port 13a connected to the exhaust which is not illustrated is formed in the 

lower wall of the san^le room 13. Moreover, 1 Ig of gas supply systems which stand in a row in the plasma production room 1 1 

is shown among drawing, and 13g of gas supply systems which stand in a row in the sample room 13 is shown. 

[0032] The medium which has the boiling point near [ suitable for plasma treatment ] the temperature as a medium needed to be 

used, and a metal did not react by inactive here, and there was also no electrical conductivity, it is fluorine system inactive liquid 

FURORINATO (organic compound of only the U.S. three em company brand name and C-F structure) which has the 

outstanding property of moreover not deteriorating in incombustibility, and FC-70 whose boiling point shown in Table 1 is 2 1 5 

degrees C were used. 

[0033] 

[Table 1] 
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[0034] thus, the case where plasma treatment is performed to a sample S front face using the constituted plasma treatment 
equipment 10 ~ first -- heater llf ~ using -- constant temperature ~ the medium in medium room 1 la is heated to temperature a 
little lower than the boiling point of a medium, for example, about 210 degrees C, and tenqjerature of circumference wall 1 Iw of 
the plasma production room 1 1 is carried out near the tenq)erature suitable for plasma treatment Moreover, about 20-degree C 
water is circulated to llh of cooling pipes. Then, the inside of the plasma production room 1 1 and the sample room 13 is set as a 
predetermined degree of vacuum. Gas is supplied so that necessary gas pressure may be obtained through 1 Ig of gas supply 
systems, and 13g of gas supply systems in tiie plasma production room 11 or the sample room 13. Microwave is introduced in 
the plasma production room 1 1 through microwave inlet 1 Ic, forming a magnetic field required for electron cyclotron resonance 
excitation by the exiting coil 14, resonance excitation of the gas is carried out by using the plasma production room 1 1 as a 
cavity resonator, and plasma is made to generate. It is made to project it around the sample S in the sample room 13, and sanq)le 
S by the emission magnetic field to which flux density falls, and the generated plasma performs plasma treatment to a sample S 
front face by it as it goes to the san^le room 13 side formed of an exiting coil 14. 

[0035] Drawing 4 is the graph which showed the result which performed etching processing to the silicon-oxide film formed in 
the sample S front face, and investigated aging of the etch rate of the aforementioned silicon-oxide fihn by the above-mentioned 
method using the plasma treatment equipment 10 concerning an example 1. Moreover, it doubled with drawing 4 , the plasma 
treatment method given in JP,4-2563 16,A which performs the temperature control of a plasma production room with about 
80-degree C conventional circulation water as an exanple of comparison was enforced, etching processing was performed to the 
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silicon-oxide film similarly formed in the sample S front face, and the result which investigated aging of an etch rate was shown. 
[0036] etching processing conditions the pressure of the sample room 13 was set as 5mTorr(s), and the flow rate of etching gas 
(mixed gas of CF4 and CHF3) was set as 1.5kW for microwave power at 50sccm(s), respectively Moreover, the vertical axis in a 
graph shows the relative etch rate at the time of setting the etch rate of the silicon-oxide fihn in the 1st processing number of 
sheets of Sample S to 1.0. 

[0037] When being based on the etching art using the plasma treatment equipment 10 concerning an example so that clearly from 
drawing 4 , as for the relative etch rate of the aforementioned silicon-oxide film, processing number of sheets hardly changed 
with about 1.0 to the 40th sheet, but there was almost no aging of etching processing speed. On the other hand, when based on 
the etching art concerning the example of con^jarison, the 10th sheet fell gradually, processing number of sheets became low 
about with about 0.8 after the 10th sheet, and, also after this, aging of etching processing speed is occurring gradually, thus, 
constant temperature ~ while heating beforehand the medium enclosed in medium room 1 la ~ constant tenq)erature - by 
liquefying the medium evaporated within medium room 1 la, the ten:q)erature of circumference wall 1 Iw of the plasma 
production room 1 1 was able to be uniformly adjusted near the temperature suitable for plasma treatment, the coating weight of 
C to San^le S was able to be reduced, and plasma treatment speed was able to be maintained uniformly 
[0038] Next, it etches into the silicon-oxide film which has the resist pattem formed in the sample S front face on the same 
etching processing conditions as the case of drawing 4 , aging of the selection ratio for a resist at the time of performing this 
processing in the san^le S of 40 sheets (a siHcon-oxide fihn etch rate / resist fihn etch rate) is investigated on it, and the result is 
shown in it at drawing 5 . Here, the relative selection ratio at the time of setting the selection ratio for a resist in the 1 st 
processing number of sheets of Sample S to 1 .0 is for a vertical axis. 

[0039] To there having ahnost been no aging of the selection ratio for a resist, in the example, as for the relative selection ratio, 
processing number of sheets hardly changed with about 1,0 to 40 sheets, but in the conventional example, the relative selection 
ratio increased gradually and became about 1.8 and a big value by the 10th sheet as processing number of sheets increased, also 
after this, it is increasing gradually and aging of a relative selection ratio has occurred so that clearly from drawing 5 . thus, 
constant temperature ~ while heating beforehand the medium enclosed in medium room 1 la ~ constant temperature ~ by 
liquefying the medium evaporated within medium room 1 la, the coating weight of C to Sample S was able to be reduced, and the 
selection ratio for a resist in Sample S was able to be maintained to about 1 law 

[0040] Drawing 6 is the graph which showed the result which performed the same etching processing as the case of drawing 4 to 
the sample S of 80 sheets, and investigated aging of the number of particle. 

[0041] In the exanq)le, the number of particle is maintained with the few value so that clearly from drawing 6 , and there was 
almost no aging of the number of particle, on the other hand, in the conventional example, in the 25th sheet, processing number 
of sheets increased the nimiber of particle gradually to the 20th sheet, and it is increasing rapidly with about 100 pieces, and 
about 1 law is taken after that, after and increasing by the 65th more sheet with about about 40 pieces as suddenly as about 180 
pieces, it is quite many values, and aging of the number of particle has occurred It is thought that such change takes place since a 
lot of aforementioned resultants will exfoliate with a self- weight and the nimiber of particle will increase suddenly if the resultant 
which adhered to circumference wall 1 1 w for the stress by the tenq)erature change of circumference wall 1 1 w which happens 
with on-off of plasma tends to exfoliate and the thickness of this resultant becomes above to some extent, thus, constant 
tenq)erature ~ while heating beforehand the medium enclosed in medium room 1 1 a — constant ten^erature — by liquefying the 
medium evaporated within medium room 1 la, the temperature of circumference wall 1 Iw was able to be uniformly adjusted not 
related to on-off of plasma, exfoliation of the aforementioned resultant by the temperature change of circumference wall 1 Iw was 
able to be prevented, and the increase in the number of particle accon^anying the increase in processing nimiber of sheets was 
able to be prevented 

[0042] As explained above, even if circimiference wall 1 Iw is heated in response to plasma irradiation diuing plasma treatment 
by using the medium which has the boiling point near [ suitable for plasma treatment ] the temperature in the plasma treatment 
method using the plasma treatment equipment 10 concerning an example 1, a lot of heat is taken from circiunference wall 1 Iw by 
the latent heat of vaporization of a direct evaporation method, and it is cooled with the cooling water which flows in 1 Ih of 
cooling pipes, and a medium is liquefied while boiling and evaporating ~ having — the temperature of a medium — the near 
boiling point ~ constant temperature ~ it is maintained Consequently, while being able to set the tenq^erature of circumference 
wall 1 Iw as the tenperature which was suitable for plasma treatment for a short time, even if it piles up the nxmiber of times of 
processing, the temperature of circumference wall 1 1 w is stably maintainable to request temperature, the coating weight of the 
etching gas decomposition product to a sample S front face can be reduced, and etching processing speed and a selection ratio 
can be maintained uniformly. 

[0043] Moreover, since the ten^erature of circumference wall 1 Iw of the plasma production room 1 1 is kept constant regardless 
of on-off of plasma, exfoliation of the aforementioned resultant by the temperature change of circumference wall 1 Iw can be 
prevented, and generating of particle can be prevented. 

[0044] In addition, although the case where circumference wall 1 Iw of some circumference walls 11 of the reaction container 
16, i.e., a plasma production room, was dual structure was mentioned as the example and this exarrple explained it, in the 
another exan^le, all of the circumference walls of the reaction container 16 may be dual stmcture. 

[0045] moreover ~ this example - constant temperature - although the case where medium room 11a and liquefaction room 1 le 
were formed in one was mentioned as the example and explained ~ another example - constant temperature - medium room 1 la 
and liquefaction room 1 le are formed separately, and may be open for free passage 

[0046] Although the case where FURORINATO FC-70 (U.S. three em company brand name) which is a fluorine system inactive 
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liquid was used was mentioned as the example and this exanple furthermore explained it as a medium FURORINATO (U.S. 
diree em company brand name) FC-72 [ various ] shown in Table 1 in addition to this as a medium in the another exanq)le (C6 
F14), FC-84 (C7 F16), FC-77, FC-75 (C8 H18), FC-40, FC-43, FC-71, water, a par chloroethylene (CC12 =CC12), The 
conponent of circumference wall 1 Iw of the plasma production rooms 11, such as a trichloroethylene (CHC1=CC12) and 
1.1.1-trichloroethane (CC13 CHS), and the various media which cannot react easily can be used. What is necessary is to choose 
the medium which has the boiling point near [ suitable for various plasma treatment ] the temperature, and just to use it. 
[0047] Moreover, although the case where heater 1 If was arranged as a heating means of a medium was mentioned as the 
exan^le and this example explained it, in addition to this in the another exanq^le, the infrared lamp etc. may be arranged as a 
heating means. 

[0048] Although the case where 1 Ih of cooling pipes was arranged as a cooling means of the vaporized medium was mentioned 
as the example and this example furthermore explained it, in addition to this in the another example, the cooling shroud etc. may 
be arranged as a cooling means. 

[0049] Moreover, although this exanqjle explained the case where plasma treatment equipment 10 was plasma treatment 
equipment using efficient consumer response, you may be plasma treatment equipment using the owner magnetic field 
microwave which does not use efficient consumer response in the another example. 

[0050] [Example 2] drawing 7 is the cross section having shown typically the parallel monotonous type bias spatter equipment 
concerning an exan^le 2, 20 in drawing shows parallel monotonous type bias spatter equipment, and 26 shows the reaction 
container, respectively, the target electrode 21 is arranged in the upper part of the reaction container 26, and this target electrode 
21 has dual structure, and it encloses with the interior so that the medium of a liquid state may leave a gas layer ~ having ~ a 
liquid layer hold portion ~ constant temperature ~ it is medium room 21a and the gas layer hold portion of a medium has 
become liquefaction room 2 le constant temperature — heater 21f is arranged by the lower part of medium room 21a so that it 
may be soaked in a mediimi, and a medium is heated by heater 21f Moreover, 2 Ih of cooling pipes with which the cooling water 
set as predetermined ten^erature circulates is arranged in liquefaction room 21 e, and the medium evaporated by 21h of cooling 
pipes is Hquefied. moreover, bellows type expansion-chamber 21i is connected to liquefaction room 21e through piping 21j, and 
the rise of the pressure acconqjanying evaporation evaporation of a medium eases by this expansion-chamber 2 li ~ having ~ 
constant temperature ~ the pressure of medium room 21a and liquefaction room 21e is adjusted And a target 25 is held on the 
undersurface of a target electrode 2 1 . 

[0051] Moreover, the sample base electrode 24 inside which heater 24a was installed is arranged by the lower part of the 
reaction container 26, and Sanple S is laid on the sample base electrode 24. Moreover, 23 g of gas supply systems is connected 
to the side attachment wall of the reaction container 26, and RF generators 22b and 24b are connected to the target electrode 21 
and the sanqjle base electrode 24, respectively. 

[0052] FC-43 whose boiling point is 174 degrees C as a medium first when forming aluminum film in a sample S front face 
using the parallel monotonous type bias spatter equipment 20 of such composition, using aluminum as a target 25 ~ constant 
ten^erature — after enclosing in medium room 21a, Sample S is laid on the sanple base electrode 24 in the reaction container 26 
next, heater 2 If ~ using ~ constant temperature ~ the medium in medium room 21a is heated to temperature a little lower than 
the boiling point of a medium, for example, about 170 degrees C, and the target-electrode 2 1 lower part is carried out near the 
temperature suitable for plasma treatment Moreover, about 20-degree C water is circulated to 21h of cooling pipes. Then, the 
inside of the reaction container 26 is set as a predetermined degree of vacuum, and Ar gas is supplied so that necessary gas ** 
may be obtained through 23g of gas supply systems. Next, by adding RF electric field to a target electrode 21 and the sample 
base electrode 24 from RF generators 22b and 24b, Ar gas is plasma-ized, the spatter of the target 25 which mainly consists of 
aluminum by Ar ion is carried out, and aluminum film is formed in a sanq)le S front face. 

[0053] A target electrode 21 can maintain to constant temperature according to the same effect as the circumference wall 1 1 w of 
the plasma-production room 1 1 in the plasma-treatment equipment 10 concerning the example 1 shown in drawing 3 , and 
abbreviation, the partial erosion (pervasion) of a target 25 can prevent, and a sputtering rate can keep constant by using the 
medium which has the boiling point near [ suitable for plasma treatment ] the ten^erature in the art using the parallel 
monotonous type bias spatter equipment 20 conceming an example 2. 

[0054] [Example 3] drawing 8 is the cross section having shown typically parallel monotonous type RIE system 30 conceming 
an example 3, omits the explanation about the portion which has the same conqjosition as the parallel monotonous type bias 
spatter equipment 20 conceming the example 2 shown in drawing 7 , and explains the composition only about a different point. 
IfjStldition, suppose that the same sign is given to the same component part as the thing of an example 2. 
/[0055] 30 in drawing shows the parallel monotonous type RIE system, and 26 shows the reaction container, respectively, the 
groun^lectrode 27 is arranged in the upper part of the reaction container 26, and this ground._de£tt;odeJ7 has dual structure, 
an3^ encloses with the interior so that die medium of a liquid state may leave a gas layer ~ having — a liquid layer hold portion 
~ constant ten^erature - it is medimn room 27a and the ^as layer hold port ion of a medium has become liquefaction room 27e 
constant temperature — heate r27f is arranged h :sLthe lower part of medium room 27a so that it may be soaked in a medium, and a 
medium is heated by heater 2'7f Moreover, 27h of cooling pipes with which the cooling water set as predetermined temperature 
circulates is arranged in liquefaction room 27e, and the medium evaporated by 27h of cooling pipes is liquefied, moreover, 
bellows type expansion-chamber 27i is connected to liquefaction room 27e through piping 27j, and the rise of the pressure 
acconqjanying evaporation evaporation of a medium eases by this expansion-chamber 27i ~ having ~ constant temperature -- the 
pressure of medium room 27a and liquefaction room 27e is adjusted 

[0056] Moreover, the sample base electrode 34 is arranged under the reaction container 26, and Sample S is laid on the sample 
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base electrode 34. Moreover, RF-generator 34b is connected to the sample base electrode 34. 

[0057] In parallel monotonous type RIE system 30 concerning an example 3, in case a sample S front face is etched by using the 
medium which has the boiling point near [ suitable for plasma treatment ] the temperature, the ground electrode 27 can be 
maintained to constant ten^erature according to the same effect as a target electrode 21 and abbreviation in the parallel 
monotonous type bias spatter equipment 20 concerning an exanq^le 2. Therefore, the coating weight of the etching gas 
decomposition product to a sample S front face can be reduced, and etching processing speed can be maintained uniformly. 
[0058] Moreover, the repeatability of a process can be raised by making the variability region of the temperature of the ground 
electrode 27 into less than 20 degrees C. 
[0059] 

[Effect of the Invention] If it is in the plasma treatment equipment (1) concerning this invention as explained in full detail above 
the constant temperature inside which the circumference wall of the reaction container for processing a sanple in the interior and 
this reaction container was installed in part at least ~ with a medium room this - constant temperature ~ the liquefaction room 
which was open for free passage in the medium room, and the above ~ constant temperature -- the heating means for heating the 
medium enclosed with the medium interior of a room, and the above ~ constant temperature, since it has the cooling means for 
liquefying the medium evaporated in the medium interior of a room the medium which has the boiling point near the request 
processing tenperature ~ flie above - constant temperature -- even if the aforementioned circumference wall is heated in 
response to plasma irradiation during plasma treatment by enclosing with the medium interior of a room, and heating the medium 
to near the boiling point of a medium by the aforementioned heating means beforehand - the temperature of a medium ~ the 
near boiling point ~ constant temperature ~ it is maintained Consequently, while being able to set the aforementioned 
circumference wall as the request temperature which was suitable for processing for a short time, even if it piles up the number of 
times of processing, it can maintain stably at request temperature, and plasma treatment speed can be maintained uniformly. 
[0060] Moreover, if it is in the plasma treatment equipment (2) concerning this invention The reaction container for processing a 
sanqjle in the interior, and the composition member arranged in this reaction container, this coii^osition the constant 
tenperature inside which the member was installed in part at least — a medium room — this -- constant temperature — with the 
liquefaction room which was open for free passage in the mediiun room the above — constant temperature ~ the heating means 
for heating the medium enclosed with the medium interior of a room, and the above -- constant temperature, since it has the 
cooling means for liquefying the mediimi evaporated in the medium interior of a room The aforementioned composition member 
is maintainable to constant tennperature with die circumference wall of the aforementioned reaction container in the 
above-mentioned plasma treatment equipment (1), and the same effect as abbreviation. 

[0061] Therefore, when this composition member is the groimd electrode of an parallel monotonous type RIE system, an etch 
rate can be maintained uniformly, and the temperature-change range under [ this ] a ground electrode becomes less than 20 
degrees C, and repeatability of a process can be made good. 

[0062] In the plasma treatment equipment (1) furthermore applied to this invention, or the plasma treatment method using (2) the 
above ~ constant temperature, while heating the mediimi enclosed with the mediimi interior of a room to the terrq)erature near the 
boiling point of a medium using the aforementioned heating means the above ~ constant temperature, since plasma is generated 
and the aforementioned sample is processed in the aforementioned reaction contamer, cooling the medium evaporated in the 
medium interior of a room using the aforementioned cooling means, and liquefying the temperature of a medium — the near 
boiling point — constant tenperature — it is maintainable, while being able to set the aforementioned circumference wall or the 
aforementioned composition member as the request temperature which was suitable for processing for a short time, even if it 
piles up the nimiber of times of processing, it can maintain stably at request temperature, and plasma treatment speed can be 
maintained imiformly 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the constant temperature inside which the circumference wall of the reaction container for processing a sample in the 
interior and this reaction container was installed in part at least - a medium room ~ this ~ constant temperature - the 
liquefaction room which is open for free passage in a mediimi room, and the above ~ constant temperature ~ the heating means 
for heating the medium enclosed with the medium interior of a room, and the above ~ constant temperature - the 
plasma-treatment equipment characterized by to have a cooling means for liquefying the medium which evaporated in the 
medium interior of a room 

[Claim 2] Plasma treatment equipment characterized by providing the following. The reaction container for processing a sample 
in the interior, the composition arranged in this reaction container ~ a member this composition ~ the constant temperature 
inside which the member was installed in part at least - a medium room this - constant tenq^erature - the liquefaction room 
which was open for free passage in the medium room, and the above ~ constant tert^erature ~ the heating means for heating the 
medium enclosed with the medium interior of a room, and the above ~ constant temperature - the cooling means for liquefying 
the medium evaporated in the medium interior of a room 

[Claim 3] the above - constant temperature ~ while heating the medium enclosed with the medium interior of a room to the 
ten^erature near the boiling point of a medium using the aforementioned heating means ~ the above — constant temperature — 
the plasma-treatment method using the plasma-treatment equipment according to claim 1 or 2 characterized by to generate 
plasma and to process the aforementioned san:q)le in the aforementioned reaction container, cooling the medium evaporated in 
the medium interior of a room using the aforementioned cooling means, and liquefying 
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